A one-dimensional model is proposed for analysing static capacitance contrast (SCC) in scanning electron microscopy. For the large-scale integrated specimen covered by an insulating thin film, the imaging signal is calculated considering the redistribution of secondary electrons (SEs) and the charging process of the equivalent effective capacitance between the irradiation point and substrate. The calculated SCC as a function of the irradiation charge density is in good agreement with the experimental SCC. It is confirmed that the SCC arises from the redistribution of SEs and the difference in the effective capacitance of irradiation points under the condition of positive charging. 
Voltage contrast is a main working pattern of the scanning electron microscope (SEM) applied in the large-scale integrated (LSI) device fabrication process [1] [2] [3] . Here, for a device under test (DUT) covered with an insulating thin film for passivation, a low-energy electron beam (e-beam) below several keV is utilized for decreasing damages to the device. In this case, the capacitive coupling voltage contrast (CCVC) enables us to observe the conducting lines beneath the insulating film that the e-beam cannot penetrate [4] . However, the DUT needs to be biased for switching the potentials of the observation points and the contrast vanishes quickly after the storage time [5] . Recently, static capacitance contrast (SCC) has been reported experimentally and given a qualitative explanation [6, 7] . The SCC was observed stationary contrary to the CCVC and can also yield information on the underlying lines which is not biased. This note presents a quantitative analysis of SCC to clarify its mechanism.
We first look at the experimental results of the SCC. Figures  1 and 2 are the schematic cross-section and SEM images of an LSI, respectively [6] . Figure 2 shows that the brightness for the points A and B is different, though the e-beam cannot penetrate the insulating thin films completely. Moreover, the image contrast between points A and B can be seen to vary with the magnification.
It is assumed that the redistribution of secondary electrons (SEs) contributes to the signal in the qualitative explanation [6, 7] . However, it is necessary for validating this assumption to calculate SE trajectories in the local electric field that results from positive charging of the insulator. For slow scanning irradiation, the distribution profile of the surface potential near the irradiation point can be considered to be of a square core model [8, 9] . For this model, the electric potential of the just irradiation point is higher than that of the neighbouring region and its variation over the point is slight due to the ebeam-induced conduction. Here, we approximate the potential distribution as j(r, z = 0) = V S for r < a and 0 for r > a, in which a is the radius of the irradiation point and equal to the beam radius. The electric field was then calculated by the finite difference method. By scanning the initial conditions of SEs, the critical energy W m (r 0 , b), below which the SEs with the initial position r 0 and emission angle b return to the surface to form the redistribution, was calculated and the result is shown in Fig. 3 . It is remarkable that the SEs are redistributed under the almost same condition, i.e. W m (r 0 , b) » eV S . This allows us to treat the SE redistribution with a one-dimensional model. Further analysis demonstrates that most redistributed SEs land within the irradiation point [10] .
To determine the SE signal current, we define the redistribution rate a as the proportion of the amount of SEs collected by the surface to the amount of emitted ones. Let I b denote the primary current and d the secondary electron yield. The total emission current of SE is I b d and the redistributed one I b da. Here, for simplicity, the SEs that do not return to the surface are assumed to be all collected by the detector, thus, the imaging signal of the irradiation point is
Based on the one-dimensional consideration, the redistribution rate can be described as (2) where N(W) is the energy distribution function of emitted SEs. 
Here, in our calculation, V m = 2 V is taken from the experimental results and recent calculations of SE emission for SiO 2 [13] . Substituting eq. (3) into eq. (2) yields (4) Equation (4) shows that a increases with the surface potential V S . The process of surface charge accumulation can be dealt with as the charging process of the effective capacitance between the irradiation point and the grounded substrate. Let 
ation charge density can also be represented by s = T S I b / S IC in which T S is the e-beam scanning time and S IC the scanning area of the IC sample. Therefore, we can change s by adjusting one of the parameters T S , I b and the SEM magnification.
We now analyse the transient progress of V S and I S corresponding to the points A and B in Fig. 1 . The unit effective capacitance of A and the effective capacitance of B are C 0A = e / d A = 1.05 × 10 -5 F/m 2 and C B = C 1 C 2 / (C 1 + C 2 ), where C 1 is the capacitance between the irradiation point and Al lines; C 2 is that between Al lines and substrate. Since the area of the Al lines is much larger than that of the irradiation point, we have C 2 > > C 1 and C B » C 1 . Furthermore, the unit effective capacitance for the point B becomes C 0B = e / d B = 6.72 × 10 -5 F/m 2 . Figure 4 is the calculated results of V S and I S for the points A and B as a function of s for d = 1.2. It can be seen that the variation rates of V S with s at the points A and B are different due to the difference in the effective capacitance. Here, C 0A < C 0B results in the faster transient processes of the potential V SA and the current I SA for the point A than those for the point B.
The difference in I S leads to the different brightness of the SEM image and this produces a contrast. However, V SA reaches an equilibrium value quickly while I SA decreases to I b . At this equilibrium state, the charging current of the capacitance is zero, i.e. d(1 -a) = 1. When the equilibrium state is reached at points A and B, V SA = V SB and I SA = I SB are satisfied; the contrast that presents during the transient process disappears. Figure 5 shows the calculated SCC value defined as K = |I SA -I SB | / I b . K increases with s at the beginning and then takes the maximum value K max , for which the optimum irradi- 6 Calculated relationship between the maximum SCC value K max and the ratio of the effective capacitances C 0B / C 0A . Fig. 7 Calculated relationship among the maximum SCC value K max , the optimum irradiation charge density s opt and the secondary electron yield d. ation charge density is s opt . K finally decreases to zero, i.e. the SCC disappears. Furthermore, comparing the variation of the measured contrast with that of the calculations, we can see a satisfactory agreement in relative values. This confirms our theoretical consideration for the SCC. On the other hand, the previous experiments had shown that the optimum irradiation charge density differed slightly with the e-beam irradiating currents [6] . A further investigation is still required for this problem.
In addition to s, I S and K depend on the other two factors of C 0 and d. Figure 6 shows the calculated variation of K max with C 0B / C 0A . Apparently, K max increases with C 0B / C 0A and varies slowly when C 0B / C 0A > 5, where the image can be obtained with a comparatively strong contrast. Figure 7 illustrates K max and s opt varying with d of the insulator. The increase of d can increase K max and decrease s opt . For a specific insulator material, d can be changed by adjusting the accelerating voltage of a SEM.
In conclusion, the SCC values calculated with the proposed one-dimensional analysis agree well with the experimental ones. It can be shown that the SCC arises from the SE redistribution and the difference in the effective capacitance under the condition of positive charging, changes with the irradiation charge density and exhibits a maximum value. Compared with the CCVC, the SCC has the advantage of being needless of biased signals and, hence, will probably become a convenient observation pattern for a SEM.
